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Abstract. - The axial and appendicular skeletons in Labeo parvus (Cyprinidae) were investigated from hatch¬ 
ing to 29 days post-hatch (dph) in cleared and stained specimens. The cartilaginous axial caudal skeleton of L. 
parvus develops like in other cyprinids. The first cartilaginous elements, namely hypurals I and II, appeared 6 
dph before notochord flexion. Ossification of the complex begins with that of caudal rays on day 10, next the ver¬ 
tebral bodies, and then all the hypurals on day 14. Dorsal fin development is quite comparable to that of the anal 
fin. Cartilaginous structures (proximal and distal pterygiophores) appear on day 14 in both fins. Ossification of 
both fins starts with the rays on day 14, then with the anterior pterygiophores on day 19. Examination of the axial 
skeleton shows that cartilaginous structures, namely basidorsals and basiventrals, arise on day 14 while ossifica¬ 
tion begins with the anterior vertebral structures on day 10. 
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Resume. - Developpement postembryonnaire du squelette appendiculaire et axial de Labeo parvus (Cyprini¬ 
dae). 

Le developpement postembryonnaire du squelette axial et appendiculaire de Labeo parvus (Cyprinidae) a 
ete etudie, de Teclosion a 29 jours (j) post-eclosion, sur des larves colorees au bleu alcian et a Talizarine Red 
S. Le squelette caudal axial cartilagineux de L.parvus se developpe comrne celui d’un cyprinide. Les premiers 
elements cartilagineux, les hypuraux I et II, apparaissent a 6 j avant la flexion de la corde. L’ossification du com- 
plexe debute par celle des rayons de la nageoire caudale a 10 j, ensuite les corps vertebraux et enfin les hypuraux 
a 14 j. Le developpement de la nageoire dorsale est assez comparable a celui de la nageoire anale. Les structures 
cartilagineuses (pterygiophores proximal et distal) des deux nageoires apparaissent a 14 j et leur ossification 
debute par les rayons a 14 j puis les pterygiophores anterieurs a 19 j. L’examen du squelette axial montre que les 
structures cartilagineuses, les basiventraux et les basidorsaux, apparaissent a 14 j alors que Tossification debute a 
10 j par celle des corps vertebraux anterieurs. 


Fish is the main source of dietary protein in many coun¬ 
tries in West Africa where meat provisions are insufficient or 
too expensive. It also plays a significant role in the national 
economy by contributing to reduce unemployment and to 
meet the protein needs of the people (FAO, 2008). In many 
West African countries, fish farming has become a require¬ 
ment for increasing domestic output and reducing currency 
outflows in the process of importing frozen fish. So far, fish 
farming in Benin has focused on two main species only: 
Oreochromis niloticus (Linnaeus, 1758) (Cichlidae), intro¬ 
duced within the framework of the “Fish Farming Develop¬ 
ment” project in the 80’s, and Clarias gariepinus (Burchell, 
1822) (Clariidae), which is a native species. However, other 
teleost species deserve being introduced and fish-farmed, due 
to their economic importance as reflected in their increasing 
use by local populations. This is the case of Labeo parvus 


Boulenger, 1902 (Cyprinidae). This species, with a wide 
geographic distribution (Leveque, 2003) is overexploited in 
the Oueme basin in Benin (Montchowui et al., 2007; Lede- 
roun et al., 2012). These last 10 years, investigations have 
been undertaken for its introduction in aquaculture (Mont¬ 
chowui et al., 2007, 2011a, b, 2012a, b, c; Montchowui, 
2009; Lederoun et al., 2012). 

Information on the development of the skeleton to iden¬ 
tify potential abnormalities in the development process of 
species in captivity is important (Fraser et al., 2004; Kacem 
et al., 2004; Verhaegen et al., 2007). In this context, Leder¬ 
oun et al. (2012) have established the chronological devel¬ 
opment of the head skeleton of L. parvus from hatching to 
29 days post-hatching (dph). However, no study has been 
conducted so far on the development of the post-cranial skel¬ 
eton (fins and vertebral column), which, nevertheless, plays 
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an important role in a number of ways. For example, apart 
from systematic considerations (Monod, 1968; Patterson, 
1968; Arratia, 1991; Arratia and Schultze, 1992; Griinbaum 
et al., 2003), morphological studies of the caudal skeleton 
are relevant in defining the relationship between structure 
and function, and in establishing how these relationships 
change during ontogeny (Osse and van den Boogaart, 1995; 
Griinbaum et al., 2003). This paper deals with the chronol¬ 
ogy of the axial and appendicular skeletons development of 
L. parvus, from the end of hatching up to 29 dph. 

MATERIALS AND METHODS 

The specimens used in this study are those used by Lede- 
roun et al. (2012) while studying the postembryonic devel¬ 
opment of the cephalic skeleton of Labeo parvus in relation 
to external morphological changes in this species. Larvae 
and juveniles were obtained from a single artificial repro¬ 
duction conducted in October 2007 at the fish farming sta¬ 
tion of the Laboratory of Hydrobiology and Aquaculture 
(LHA), University of Abomey-Calavi, Benin (Montchowui 
et al., 2011a). The larvae were fed ad libitum the first seven 
days with zooplankton (mainly rotifers and copepods nau- 
plii) produced in the LHA fishponds, and then with Artemia 
nauplii during the following seven days. They were weaned 
starting from day 15, during four days, with Nippai micro¬ 
granules. They were fed six times daily (8 am to 18 pm at 
2-hour intervals). Average water temperature, pH, dissolved 
oxygen and nitrites during breeding were 26.8 ± 0.9°C, 7.0 
± 0.3, 6.7 ±0.3 and 0.04 mg/1 ±0.01, respectively. Thirty 
specimens were randomly samples. Sampling intervals were 
as follows: end of hatching, 4 h, 8 h, 12 h, 18 h, 24 h, 36 
h, 2 days, 3 days, 4 days, 5 days, 6 days, 8 days, 10 days, 
14 days, 19 days, 24 days and 29 days. The fish were fixed 
in 10% formalin and transferred 4 days later to a 50% ethyl 
alcohol solution for colouring the vertebral column and the 
unpaired fins. After being trypsin-cleared, larvae and fry 
were stained with Alcian blue and Alizarin Red S to high¬ 
light cartilage and bone structures, respectively (Taylor and 
van Dyke, 1985). For each sampled time, these stains were 
made on separate specimens (Vandewalle et al., 1998). After 
staining, the fish were examined using a binocular micro¬ 
scope Wild M10 and photographed. 

RESULTS 

Caudal fin development 

Two caudal fin developmental stages, 14 and 9 dph are 
illustrated (Fig. 1), in order to better recognize the skeleton 
structures during larval development of L. parvus (Fig. 2). 
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Cartilaginous skeleton 

Hatching to 5 dph 

The caudal end of the notochord is not curved up and car¬ 
ries no cartilaginous element. 

6 dph (Fig. 2 A) 

The caudal end shows two cartilaginous elements: 
hypurals I and II. 

8 dph (Fig. 2B) 

The notochord is slightly curved upwards. Hypurals III, 
IV and V get added to the first two hypurals. The parhypural 
and the haemal spine 2 are visible. 

10 dph (Fig. 2C1) 

The notochord is significantly curved upwards. 

14 dph (Fig. 2D1) 

The notochord definitely takes on the shape of the axial 
caudal skeleton. The hypural VI, haemal spine 3, uroneural; 
epural, neural spines 2,3,4 and haemal spine 4 appear. 



Figure 1. - Labeo parvus caudal fin structures. A: 14-day-old fry 
coloured with Alcian blue; B: 19-day-old fry coloured with Ali¬ 
zarin Red S. CP = preural centrum; EP = epural; H = hypural; HS 
= haemal spine; LEP = lepidotrichia; NO = notochord; NS = neural 
spine; PH = parhypural; URO = uroneural. Scale bars = 1 mm. 
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19 dp h (Fig.2El) 

The proximal parts of the axial caudal skeleton are not 
coloured with Alcian blue. 

24 dph (Fig. 2F1) 

Small components at the distal region of various ele- 

A 

I 


B 



D1- D2 



Figure 2. - Development of the caudal skeleton in Labeo parvus. 
Cartilaginous skeleton on the left column and osseous skeleton on 
the right column coloured with Alcian blue and Alizarin Red S, 
respectively. A: 6 days post-hatching (dph); B: 8 dph; C: 10 dph; 
D: 14 dph; E: 19 dph; F: 24 dph; G: 29 dph. Scale bars = 1 mm. 
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ments remain cartilaginous. 

29 dph (Fig. 2G1) 

Only the distal portion of the uroneural remains cartilagi¬ 
nous. 

Osseous skeleton 
10 dph (Fig. 2C2) 

Twelve caudal rays are ossified. 

14 dph (Fig. 2D2) 

Ossification of the axial caudal skeleton begins. The first 
partially mineralized structures are the hypurals, the parhy- 
pural, the uroneural, and preural centra 1,2, 3. Five addition¬ 
al caudal rays have ossified, bringing to 17 the total number 
of mineralized caudal rays. 

19 dph (Fig. 2E2) 

The caudal elements of the axial skeleton are ossified. 
Preural centra 1,2 and 3, the parhypural, and hypurals are 
clearly visible. Haemal spines 2,3 and 4, the epural, and neu¬ 
ral spines 2, 3 and 4 have emerged. The first preural vertebra 
has an incomplete neural arch (NS1) and a long parhypural. 
Hypurals are most often fused to each other in their proximal 
regions and to the centrum of the first ural vertebra. How¬ 
ever, some specimens display a hypural 1, which is not fused 
to the centrum of the first ural vertebra. The parhypural is 
not always fused to the centrum of the first preural vertebra. 
In specimens where this is the case, the first hypural and the 
parhypural are fused in their distal parts. The first hypural 
expands towards the parhypural and they both eventually 
fused in their proximal parts. In all the coloured specimens, 
hypurals foramina can clearly be seen. 

24 dph (Fig. 2F2) 

The various elements retain their colour intensity. 

29 dph (Fig. 2G2) 

The developmental stage of the caudal elements is com¬ 
parable to that of specimens observed on day 24; but they 
have mineralized further. 

Dorsal fin development 
Dorsal fin cartilaginous skeleton 

Hatching to 10 dph 

There is no trace of cartilaginous skeleton. 

14 dph (Fig. 3Al) 

Eleven pterygiophores are visible. Each consists of a dis¬ 
tal pterygiophore and a proximal pterygiophore. Fin rays are 
visible attaching to distal pterygiophores. In all specimens, 
the first pterygiophore is related to the 8 th future vertebral 
segment. The 11 proximal pterygiophores cover 9 vertebrae. 
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The “concentration ratio” defined by Francis (1958) as the 
ratio of the number of fin endoskeletal parts (proximal ptery- 
giophores) to the number of vertebrae in L. parvus is close 
to 1.2. 

19 dph 

The number of pterygiophores remains unchanged and 
these components (distal and proximal pterygiophores) are 
well developed. At this stage, the proximal pterygiophore 
already appears as a double cartilaginous structure. This is 
the beginning of the ossification process of this element, 
which usually starts in the middle region (Francois, 1958). 

24 dph 

The distal pterygiophores begin retreating and their 
development status is comparable to that observed in spec¬ 
imens of 14 days post-hatch. This retreat, which started at 
day 19 in proximal pterygiophores, still goes on along the 
entire length. The eleven proximal pterygiophores now are 
comparable to distal pterygiophores. Their middle region is 
not coloured with Alcian blue. 

29 dph (Fig. 3B1) 

The distal part of the proximal pterygiophore begins 
retreating and breaks into two cartilaginous islets. The first 
two distal pterygiophores are greatly reduced. 

Dorsal fin osseous skeleton 

14 dph (Fig. 3A2) 

The first ossified elements appear; in most cases, the first 
seven dorsal lepidotrichia, but only the first six lepidotrichia 
are ossified in some specimens. 

19 dph 

The first seven pterygiophores are partially ossified, and 
the number of ossified lepidotrichia increase from 7 to 14. 
The first pterygiophore supports two lepidotrichia (2 nd and 
3 rd lepidotrichia), as well as the 11 th pterygiophore (13 th and 
14 th lepidotrichia). The other pterygiophores support only 
one lepidotrichia each. The first lepidotrichia, the shortest in 
the series, is directly connected to the first proximal pterygi¬ 
ophore. 

24 dph 

The lepidotrichia continue to develop. 

29 dph (Fig. 3B2) 

The first seven pterygiophores are now well ossified, 
while the 8 th and 9 !h are ossifying. 

Anal fin development 

The development of the cartilaginous and osseous skel¬ 
etons of the anal fin is fairly comparable to that of the dorsal 
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fin. It provides the same organisational structure as the dor¬ 
sal fin being only a little shorter. 

Cartilaginous skeleton 

14 dph (Fig. 3C1) 

Six pterygiophores have appeared. They are each com¬ 
posed of a proximal and a distal pterygiophore as in the dor¬ 
sal fin. 

19 dph 

The proximal pterygiophores starts retreating and takes 
the shape of a double cartilaginous structure: this is the 
beginning of the ossification. The number of pterygiophores 
remains constant. 

24 dph 

Both structures have significantly retreated. The proxi¬ 
mal segment of the proximal pterygiophore shows only a 
few traces of Alcian blue. The distal pterygiophore is now 
reduced to a cartilaginous piece, which is quite comparable 
to that in a fry at 14 dph. 

29 dph (Fig. 3D1) 

The base of the proximal pterygiophore shows sev¬ 
eral translucent zones. The distal part of this structure is no 
longer cartilaginous. The distal pterygiophore remains carti¬ 
laginous; however, the intensity of staining has significantly 
decreased. 

Osseous skeleton 

14 dph (Fig. 3C2) 

Three lepidotrichia have partially ossified. 

19 dph 

Seven lepidotrichia are ossified and the first four pterygi¬ 
ophores are partially ossified. 

24 dph 

The number of ossified lepidotrichia increases from 7 
to 9. The development state of the pterygiophores is almost 
identical to that of specimens of 19 dph. 

29 dph (Fig. 3D2) 

This is the phase of strengthening: the four pterygi¬ 
ophores and the nine lepidotrichia have further mineralized. 

Development of the vertebral column 
Cartilaginous structures 

Hatching to 10 dph 

No structure is observed. 
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14 dph (Fig. 4A1) 

The basiventrals are present under the first 13 or 14 ver¬ 
tebral bodies and under the last four. Each vertebra carries 
a pair of basiventrals except the 12 th , the 13 th , the 14 th , the 
33 rd , the 34 th and 35 th . The basiventrals of the 4 th and 5 th ver¬ 
tebrae are more deeply coloured. The 3 rd and 4 th vertebrae 
and the last three (33 rd , 34 th , and 35 th ) carry the basidorsals. 

19 dph (Fig.4Bl) 

The basiventrals are visible under the first 17 and the 
last two vertebrae. The first 16 vertebrae carry each a pair 
of basiventrals. Those of the 4 th to the 8 !h vertebra are more 
deeply coloured. The basiventral is not visible on the other 
vertebrae. The last three basidorsals are no longer stainable 
with Alcian blue as they have already reached an advanced 
stage of ossification. However, those of the 3 rd and 4 !h verte¬ 
brae still are cartilaginous. 

24 dph (Fig. 4C1) 

A few bluish early basiventrals can be seen on the last 
two vertebrae. The other vertebrae carry neither basiventrals 
nor basidorsals, which results from gradual ossification of 
the haemal and neural arches. 

29 dph (Fig. 4D1) 

Cartilaginous structure can no longer be seen on the com¬ 
pletely ossified haemal and neural arches of the vertebrae. 

Osseous structures 

10dph (Fig.4E) 

The first ossification appears on the first three to four ver¬ 
tebrae. However, this is far from being a general rule since 
out of the five coloured specimens, only two have their first 
three or four vertebrae ossified. 

14 dph (Fig. 4A2) 

The 35 vertebral bodies are partially ossified but the 
degree of ossification varies widely: the first four vertebrae 
are ossified; from the 4 th to 27 th vertebrae, ossification is 
more or less homogeneous but these vertebrae are less col¬ 
oured than the first four; the last seven are at an early stage of 
ossification and retain less Alizarin than the previous ones. 

The first 14 basidorsals, except the first one, have already 
ossified. Some specimens show a seeming basidorsal on the 
last 10 or 12 vertebrae. In extreme cases, basidorsals already 
exist on all the vertebral bodies but are less ossified on their 
rear parts. Basiventrals 21 to 30 as well as those of verte¬ 
brae three and four have ossified. Some specimens display a 
seeming basiventral on the 5 th vertebra. 

19 dph (Fig. 4B2) 

The vertebral bodies have mineralized further, and the 
haemal and neural arches as well as the ribs are ossified. 


Postemhryonic development of postcranial skeleton in Labeo parvus 

24 dph (Fig. 4C2) and 29 dph (Fig. 4C2) 

The development stage is quite comparable to that of 19 
dph specimens. 

DISCUSSION 

Caudal fin 

The axial caudal skeleton supports lepidotrichia. How¬ 
ever, it does not only provide support; it also ensures their 
mobility. The axial caudal skeleton largely acts as a fulcrum 
for the musculature and is situated in a region that plays an 
important role in fish propulsion. Some parts of this skeleton 
can play other roles, such as protecting the notochord, hous¬ 
ing the caudal lymphatic hearts (by ensuring their connec¬ 
tions through the central bone mass), ensuring blood flow to 
the edges of the body from the point where the haemal canal 
would have disappeared (Monod, 1968). 

In L. parvus , the first elements of the cartilaginous axial 
caudal skeleton, hypurals I and II, appear on day 6 before 
notochord bending. At 44 to 48 hours post-hatching, Cypri- 
nus carpio larvae already show many haemal elements 
(Rasoamananjara, 2004). By the time the notochord is 
bending, the five hypurals, the parhypural and a seeming 
haemal spine 2 have formed. In C. carpio , bending of the 
notochord occurs at approximately the same time as the first 
dorsal axial caudal skeleton such as the epurals and preural 
arches 1,2 and 3 (Rasoamananjara, 2004). This dorsal, axial 
caudal skeleton is visible in L. parvus only on day 14, i.e. 
four days after notochord bending. In this species, the stage 
development of the cartilaginous axial caudal skeleton com¬ 
plex on day 14 is identical to that of C. carpio at 6 or 7 dph 
(Rasoamananjara, 2004). After a period of growth, the carti¬ 
laginous axial caudal skeleton starts retreating. This is a nor¬ 
mal phenomenon encountered in all teleosts (Vandewalle et 
al ., 2005; Lederoun et al., 2012). In this period, the osseous 
skeleton takes shape and gradually replaces the cartilaginous 
structures. In L.parvus, this begins on day 19; in C. carpio, 
it starts on day 8.5 (Rasoamananjara, 2004). 

With regard to the mineralization of the tail fin, the rays 
ossify first, next the ventral elements of the caudal complex, 
then the dorsal structures. This ossification sequence is a 
general rule in teleosts (Fran£ois, 1958). 

Dorsal and anal fins 

The dorsal, cartilaginous endoskeletal fin complex 
(pterygiophores) of L. parvus takes shape on day 14. As in 
most teleosts, it is made up of proximal and distal pterygi¬ 
ophores, the number of which varies among species. L. par¬ 
vus possesses 11 pterygiophores, while Salmo irideus and S. 
fario have 12 or 13 pterygiophores (Francois, 1958). From 
a calcification perspective, the rays of the dorsal fin, ossify 
first in L. parvus, then anterior pterygiophores, and finally 
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Figure 3. - Development of the dorsal 
and anal fin skeleton of Labeo par¬ 
vus. Cartilaginous skeleton on the left, 
osseous skeleton on the right coloured 
with Alcian blue and Alizarin Red S, 
respectively. A, C: 14 days post-hatch¬ 
ing (dph); B, D: 29 dph. DP: distal 
pterygiophore; PP: proximal pterygi- 
ophore. Scale bars = 1 mm. 



the posterior pterygiophores. However, there seems to be a 
slight delay in the appearance of posterior pterygiophores in 
some specimens. 

As observed in trout, distal pterygiophore seem to retain 
a cartilaginous structure for a long time. They can still be 
strongly coloured with Alcian blue in 29-day-old fry, in 
which they are superficially ossified as shown with Ali¬ 
zarin staining. Their ossification begins on day 30 in trout 
(Franfois, 1958). The development of the anal fin is quite 
comparable to that of the dorsal fin. The anal fin has six 
pterygiophores, which each consists of a proximal and distal 
pterygiophores. As in the dorsal fin, the rays mineralize first, 
then the anterior pterygiophores, and finally the posterior 
pterygiophores. It should also be noted that a slight delay 


occurs in the appearance of posterior pterygiophores. 

Vertebral column 

The development of the vertebral column varies in tele- 
osts (Potthoff and Kelly, 1982; Potthoff etal., 1986; Mabee, 
1993; Potthoff and Tellock, 1993; Bui, 2003; Rasoamanan- 
jara, 2004). The first seeming cartilaginous structures begin 
taking shape in L. parvus on day 14 and appear in the most 
anterior and most posterior arches. In C. carpio, seeming 
basidorsal cartilaginous structures are visible on day 2.7 on 
the 3 rd and 4 th vertebra (Rasoamananjara, 2004). In C. garie- 
pinus aged 2 days, seeming basidorsal cartilaginous struc¬ 
tures are visible on the 3 rd vertebra (Bui, 2003). In the ante¬ 
rior region of L. parvus, the basiventrals appear most often 
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Figure 4. - Schematic representations of the development of the 
vertebral column in Labeo parvus. In blue: cartilaginous structures 
(neural basal dorsal and haemal basal ventral arches) as observed 
with Alcian blue staining. In red: development of the osseous struc¬ 
tures (neural basal dorsal arch, haemal basal ventral arch, and ver¬ 
tebral structure) as observed with Alizarin Red S. A: 14 days post¬ 
hatching (dph); B: 19 dph; C: 24 dph; D: 29 dph. 

in doubles: this is a general rule among cyprinids. This situa¬ 
tion is also encountered in clupeids and salmonids (Francois, 
1958). Only basiventrals of the 17 first vertebrae and those 
of the last three reveal seeming cartilaginous structures in 
L. parvus. In C. carpio, seeming cartilaginous basiventral 
structures are visible on all vertebrae with the exception of 
the first four (Rasoamananjara, 2004). Cartilaginous basi- 
dorsals are visible only on the 3 rd and 4 th vertebrae as well as 
on the last three. Cyprinus carpio shows seeming basidorsal 
cartilaginous structures on all vertebrae except the 2 nd one 
(Rasoamananjara, 2004). 

According to Bui (2003), during development C. garie- 
pinus shows basidorsal cartilaginous structures on all ver¬ 
tebrae. In L. parvus, several vertebral haemal and neural 
arches are formed right away through ossification of the 
membrane. This is not a particularity of L. parvus. Indeed, 
Frangois (1966) has described cases where, at certain spots 


on the vertebral column, or even on the entire vertebral col¬ 
umn, appears no basal cartilaginous structure at any time. 
In L. parvus, the growth of endochondral bone in the arches 
seeming cartilaginous structures is much more precocious 
and faster. Even on the time of their appearance on day 14, 
mineralized parts are revealed by Alizarin staining. Arches 
go through the cartilaginous stage, which ossify first, mean¬ 
ing that ossification begins both in the anterior and in the 
posterior regions. In C. carpio, ossification of the arches 
begins in the anterior region (Rasoamananjara, 2004). 

Ossification of the vertebral column starts with that of the 
anterior bodies as observed in C. carpio (Rasoamananjara, 
2004). The particularity in L. parvus is the speed at which 
the vertebrae ossify. Within four days, the 35 vertebrae are 
ossified. The first vertebra is reduced to its vertebral body 
and the second is well-separated from the first. However, the 
third and the fourth are fused together. Those four vertebrae 
are part of the Weberian apparatus (Vandewalle, 1974). In 
D. rerio, Weberian centra (vertebrae 1-4) remain unfused 
throughout development, but in many fishes, the second and 
third centra may usually develop as a fused centrum (Bird 
and Mabee, 2003). 


CONCLUSION 

This study is a contribution to the breeding of L. parvus. 
We have investigated the development of axial and appendic¬ 
ular skeletons from hatching until 29 dph. The development 
of the vertebral column and unpaired fins occurs later than 
the cephalic skeleton. However, once started developmental 
processes are spectacular since all cartilaginous structures 
are formed within four days and the majority is then replaced 
by osseous structures. This allows larvae to improve swim¬ 
ming, the notochord to be protected, and the blood to flow 
to the edges of the fish body. In L. parvus, the formation of 
cartilage and bone in various parts of the skeleton follows 
the generally-observed process in teleosts, whereby various 
structures appear a little before or at the time they are adapt¬ 
ed to play a role for species survival. From that point on, any 
changes of the formed elements or any delay in the devel¬ 
opment of the elements can be considered abnormal. This 
is therefore a reference point, which will guide future work 
on L. parvus farming in order to improve breeding condi¬ 
tions that are the key in the development of these skeletal 
elements in teleosts. 
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